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Purpose: Minimally invasive management of small renal tumors has become more 
common. We compared the results of partial nephrectomy by video-assisted minilap-
arotomy surgery (VAMS), open, and laparoscopic techniques. Materials and Meth-
ods: We retrospectively compared clinicopathological, oncological, and functional 
outcomes in 271 patients who underwent partial nephrectomy for renal tumors at 
one institution from 1993 to 2007; including 138 by VAMS, 102 by open, and 31 by 
laparoscopic technique. Results: Mean follow-up was 47.7±29.1 months. No statis-
tically significant differences in the three groups were found in tumor size, tumor lo-
cation, estimated blood loss, complication rate, preoperative glomerular filtration rate 
(GFR), and GFR at last follow-up. Ischemic time was shorter in the open (26.9 min) 
and VAMS (29.3 min) groups than in the laparoscopic group (31.0 min, p=0.021). 
Time to normal diet and hospital stay were shorter in the VAMS (1.8 days and 5.4 
days) and laparoscopic (1.8 days and 4.7 days) groups than in the open group (2.4 
days and 7.3 days, p=0.036 and p<0.001, respectively). Of 180 patients with cancer, 
positive surgical margins occurred in 2 of 82 patients (2.4%) in the VAMS group, 
none of 75 patients in the open group, and 3 of 23 patients (13.0%) in the laparo-
scopic group (p=0.084). In the VAMS, open, and laparoscopic groups, 5-year dis-
ease-free survival was 94.8%, 95.8%, and 90.3% (p=0.485), and 5-year cancer-spe-
cific survival was 96.3%, 98.6%, and 100%, respectively (p=0.452). Conclusion: 
Partial nephrectomy using VAMS technique provides surgical, oncologic, and func-
tional outcomes similar  to open and laparoscopic techniques.
Key Words:   Partial nephrectomy, renal cell carcinoma, video-assisted surgery, min-
imally invasive
INTRODUCTION
At present, partial nephrectomy is widely accepted and performed as a standard sur-
gical treatment for small renal tumors. As more renal tumors are detected at a small 
size, interest is widespread in developing various minimally invasive nephron-spar-
ing techniques to minimize postoperative morbidity. Recently, many studies have 
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amined for surgical margins, tumor size, and histological 
subtype, and the Fuhrman nuclear grade was determined. A 
positive surgical margin was defined as tumor cells present at 
the inked margin on pathological review. Follow-up care 
consisted of physical examination, laboratory evaluation, 
chest radiography, and abdominal computerized tomography. 
These procedures were performed semiannually for the first 
two years and annually thereafter. Complications were listed 
in a standardized format using the Clavien-Dindo classifica-
tion of surgical complications.5
Surgical technique
The technique used for VAMS partial nephrectomy was simi-
lar in all cases. A 6-cm to 7-cm transverse skin incision was 
made anteriorly from the costal margin corresponding to the 
level of the 10th rib. We obtained sufficient operative space 
around the kidney using a specially designed self-retaining re-
tractor (Thompson Surgical Inc., Traverse, MI, USA) (Fig. 
1A). The operative field was observed through the monitor or 
by direct vision. A laparoscopic retrieval sac (LapSac®, Se-
jong, Korea) was introduced through the minilaparotomy in-
cision and placed around the kidney (Fig. 1B). Laparoscopic 
bulldog clamps were applied to the renal artery and vein (Fig. 
1C). The blind end of the LapSac® was opened with scissors 
and packed with finely ground ice slush for renal parenchy-
mal hypothermia (Fig. 1D). The tumor was excised using a 
surgical knife. Any openings in the collecting system and 
blood vessels were meticulously closed in a watertight man-
ner with 4-0 Vicryl. Monosyn 1-0 sutures were used to ap-
proximate the remaining renal parenchyma.
The previously described transperitoneal laparoscopic 
technique was performed under warm ischemia condi-
tions.6 The open technique was performed with the patient 
in a full-flank position via an anterior subcostal incision be-
low the 11th rib. The renal artery was clamped using a bull-
dog clamp, and regional hypothermia was instituted or 
omitted at the surgeon’s discretion. 
Statistical analysis
Data are presented as number (percentage) or mean±standard 
deviation. Chi-square and analysis of variance tests were 
used to compare qualitative and quantitative variables, re-
spectively. Disease-free and cancer-specific survival was 
calculated using life tables and the Kaplan-Meier method 
with log-rank test statistics. All p values were two-sided, 
and p<0.05 was considered statistically significant. All data 
analysis was processed using SPSS statistical software 
reported purely laparoscopic and hand-assisted techniques 
for partial nephrectomy. However, the absence of a standard-
ized method for achieving renal parenchymal hypothermia 
and technical difficulties in suture closure of the parenchyma 
and collecting system present obstacles that are yet to be 
completely overcome. In the laparoscopic retroperitoneal ap-
proach, surgery is technically challenging because of lack of 
surgical space. Such observations prompted us to apply the 
video-assisted nephrectomy through a minilaparotomy inci-
sion to the treatment of incidentally discovered, small, soli-
tary tumors,1-2 and we reported that donor nephrectomy using 
video-assisted minilaparotomy surgery (VAMS) provides 
less pain and better cosmesis compared to open donor ne-
phrectomy.3 We have so far performed approximately 1,000 
cases using the technique of VAMS to treat renal disease.
In the present study, we examined the clinical, pathologi-
cal, oncological, and functional outcomes after partial ne-
phrectomy via VAMS compared to standard open and lapa-
roscopic techniques, all of which were performed at a single 
institution.
MATERIALS AND METHODS
Patient population
We retrospectively reviewed the records of 271 patients 
who underwent partial nephrectomy for renal masses at our 
institution from 1993 to 2007. This study was approved by 
the Institutional Review Board. Among these patients, 138 
underwent partial nephrectomy via VAMS, 102 by open 
technique, and 31 by laparoscopic technique. The approach 
was based on the preference of the surgeons and patients. 
Two surgeons performed the VAMS technique, two differ-
ent surgeons performed the open technique, and another 
surgeon performed the laparoscopic technique. Tumors 
were defined as exophytic if the tumor extended more than 
60% off the surface of the kidney, endophytic if the tumor 
extended less than 40%, and mesophytic if the lesion ex-
tended between 40% and 60% off the surface of the kidney 
on CT. Hilar lesions were defined as those located within 5 
mm of the renal hilar great vessels. The cases were com-
pared with regard to clinical parameters, operative data, 
pathological parameters, oncological outcomes, and renal 
functional outcomes. Glomerular filtration rate (GFR) was 
measured by using the four-variable Modification of Diet in 
Renal Disease formula [GFR=186.3×Pcr-1.154×age-0.203×0.742 
(if female)].4 After partial nephrectomy, specimens were ex-
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(Statistical Product and Services Solutions, version 12.0, 
SPSS Inc., Chicago, IL, USA).
RESULTS
 
Patient characteristics 
The clinicopathological and operative data of 271 patients 
who underwent VAMS, open, and laparoscopic partial ne-
phrectomy are listed in Table 1. The proportion of women 
was higher in the VAMS than in the other groups; however, 
no other statistically significant differences in baseline char-
acteristics were found among the three groups. Among 271 
patients, 18 patients (6.6%) had a single kidney at operation, 
and partial nephrectomy was performed by VAMS tech-
nique in 12 patients and by open technique in six patients. 
Among 18 patients, 16 patients previously underwent ne-
phrectomy before partial nephrectomy; 11 (61.1%) for re-
nal cell carcinoma, 4 (22.2%) for benign renal disease, and 
one (5.6%) for urothelial carcinoma. Two patients had a 
unilateral single kidney due to renal agenesis.
Surgical and functional outcomes
Table 1 shows the surgical and functional outcomes. No sig-
nificant difference was found in estimated blood loss, tumor 
location, tumor characteristics, need for transfusion, compli-
cations, and tumor size. Ischemic time and operative time 
were shorter in the open group compared to the VAMS and 
laparoscopic groups. Length of stay was shorter in the VAMS 
than the open group, but was not statistically different from 
the laparoscopic group. The overall complication rate was 
15.9%. The complication rate was similar among the VAMS, 
open, and laparoscopic groups. Complications were catego-
rized as grade 1 (hematuria, n=1), grade 2 (transfusion, n=17; 
infection, n=1; and hematoma, n=1), grade 3 (embolization, 
n=2), and grade 4 (sepsis, n=1) in the VAMS group. In the 
open group, there were grade 2 (transfusion, n=13; infection, 
n=1; and hematoma, n=1), and grade 4 (acute myocardial in-
farct, n=1) complications. In the laparoscopic group, there 
were grade 2 (transfusion, n=2 and hematoma, n=1) and 
grade 3 (bowel injury, n=1) complications. There were no dif-
ferences in operative time, ischemic time, blood loss, hospital 
length of stay, or postoperative renal function between the 
group of 12 patients who underwent VAMS technique and 6 
patients who had the open technique with a single kidney 
(data not shown). Preoperative GFR was similar among the 
three groups. After a follow-up of 47.7±29.1 months, GFR 
Fig. 1. (A) The self-retractor system for video-assisted minilaparotomy sur-
gery for partial nephrectomy. (B) A laparoscopic retrieval sac (LapSac®, 
Sejong, Korea) was introduced through the minilaparotomy incision and 
placed around the kidney. (C) Laparoscopic bulldog clamps were applied 
to the renal artery. (D) The LapSac® was dissected in four parts, and ice 
slush was placed in the LapSac®. Tumor exposure was easily performed 
by handling these four parts of the LapSac®.
A
B
C
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and oncologic outcomes by operative method. The most 
common pathological stage among the three groups was 
pT1aN0M0. However, 12 patients (14.6%) had pT1b le-
sions, and 2 patients (2.4%) had metastatic lesions at partial 
did not differ among the three groups.
Oncologic outcomes 
Table 2 compared characteristics of renal cell carcinoma 
Table 1. Characteristics of 271 Patients Who Underwent Partial Nephrectomy, Based on Operative Method of 
Video-Assisted Minilaparotomy, Open, and Laparoscopic Techniques
Total VAMS Open Laparoscopic p value
No. of patients 271 138 (50.9%) 102 (37.6%) 31 (11.5%)
Age (yrs)   53.0±13.1   53.2±13.5   51.9±12.9   55.8±12.2 0.344
Gender   0.020*
    Male 165 (60.9%)   75 (54.3%)   73 (71.6%) 17 (54.8%)
    Female 106 (39.1%)   63 (45.7%)   29 (28.4%) 14 (45.2%)
BMI (kg/m2), range
23.8±2.9 
 (17.1-36.3 )
23.7±3.1 
 (17.3-36.3)
23.7±2.6 
 (17.1-30.8)
24.1±2.7 
 (18.4-30.8)
0.782
ASA score (n=269) (n=100) 0.957
    1 149 (55.4%)   81 (58.7%)   49 (49.0%) 19 (61.3%)
    2 116 (43.1%)   53 (38.4%)   51 (51.0%) 12 (38.7%)
    3   4 (1.5%)   4 (2.9%) 0 0
Symptomatic presentation   42 (15.6%)   21 (15.2%)   12 (11.8%)   9 (29.0%) 0.256
Diabetes   33 (12.2%)   18 (13.0%)   13 (12.7%) 2 (6.5%) 0.583
Hypertension   74 (27.3%)   41 (29.7%)   24 (23.5%)   9 (29.0%) 0.580
Single kidney 18 (6.6%) 12 (8.7%)   6 (5.9%) 0
Tumor location 0.954
    Right 152 (56.1%)   75 (54.3%)   62 (60.8%) 15 (48.4%)
    Left 113 (41.7%)   60 (43.5%)   38 (37.2%) 15 (48.4%)
    Bilateral   6 (2.2%)   3 (2.2%) 2 (2.0) 1 (3.2%)
Tumor characteristics 0.257
     Exophytic 113 (41.7%)   57 (41.3%)   44 (43.1%) 12 (38.7%)
     Mesophytic   71 (27.3%)   35 (25.4%)   28 (27.5%) 11 (35.5%)
     Endophytic   68 (25.1%)   32 (23.2%)   28 (27.5%)   8 (25.8%)
     Hilar 16 (5.9%)   14 (10.1%)   2 (2.0%) 0
Tumor size (cm)   2.7±2.1   2.8±2.2   2.6±2.0   2.3±1.9 0.529
Preoperative GFR   81.3±19.4   79.2±18.8   84.7±21.3   79.3±13.1 0.086
GFR at last follow-up   73.4±20.0   72.1±22.4   74.8±17.8   74.8±15.0 0.586
Operative time (min)   184±67.9 196.6±65.7 161.0±63.6 203.5±72.6 <0.001*
Ischemic time (min) 28.5±7.2 29.3±6.7 26.9±6.8 31.0±9.3   0.021*
EBL (mL) 395±297   374.5±276.5   440.6±327.9   395.2±297.0 0.146
Transfusion   30 (11.1%)   16 (11.6%)   12 (11.8%) 2 (6.5%) 0.551
Pathology   0.023*
     Benign   91 (33.6%)   56 (40.6%)   27 (26.5%)   8 (25.8%)
     RCC 180 (66.4%)   82 (59.4%)   75 (73.5%) 23 (74.2%)
Complications† 0.670
    Grade I   1 (0.4%)   1 (0.7%) 0 0
    Grade II   37 (13.7%)   19 (13.9%) 15 3 (9.7%)
    Grade III   3 (1.1%)   2 (1.5%) 0 1 (3.2%)
    Grade IV   2 (0.7%)   1 (0.7%)   1 (1.0%) 0
Time to normal diet (days)   2.0±1.6   1.8±1.7   2.4±1.5   1.8±1.5 0.036
Length of stay (days)   6.0±2.3   5.4±2.2   7.3±2.0   4.7±1.8 <0.001*
ASA, American Society of Anesthesiologists; BMI, body mass index; EBL, estimated blood loss; GFR, glomerular filtration rate; VAMS, 
video-assisted minilaparotomy surgery; RCC, renal cell carcinoma.
Data are presented as number (%) or mean±standard deviation.
GFR calculated as mL/min/1.73 m2.
*Statistically significant.
†Clavien-Dindo Classification.
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nephrectomy in the VAMS group. Recurrences were found 
in all three groups, including 3 patients in the VAMS group 
(3.7%); 3 patients in the open group (4.0%); and 2 patients 
in the laparoscopic group (8.7%; p=0.397). Five-year dis-
ease-free survival rates were 94.8% in the VAMS group, 
95.8% in the open group, and 90.3% in the laparoscopic 
group, according to Kaplan-Meier analysis with log-rank 
test (p=0.485) (Fig. 2). Five-year cancer-specific survival 
rates was 96.3% in the VAMS group, 98.6% in the open 
group, and 100% in the laparoscopic group, according to 
Kaplan-Meier analysis using the log-rank test (p=0.452).
DISCUSSION
Since the number of patients diagnosed with small local-
ized renal tumors has been increasing considerably, the 
Table 2. Comparison of Characteristics of Renal Cell Carcinoma and Outcomes by Operative Method
VAMS Open Laparoscopic p value
No. (n=180) 82 (45.5%) 75 (41.7%) 23 (12.8%) 
Mean follow-up (months) 45.1±27.4 54.4±32.7 35.0±13.7   0.011*
Type 0.773
    RCC 78 (95.1%) 69 (92.0%) 22 (95.7%)
    Cystic RCC 1 (1.2%) 2 (2.7%) 0
    Multilocular RCC 3 (3.7%) 4 (5.3%) 1 (4.3%)
Tumor stage
    T1a 67 (81.7%) 73 (97.3%) 23 (100%)   0.001*
    T1b 12 (14.6%) 2 (2.7%) 0
    T3a 3 (3.7%) 0 0
Fuhrman nuclear grade 0.269
    1 17 (22.4%) 16 (22.9%)  5 (25.0%)
    2 32 (42.1%) 35 (50.0%) 11 (55.0%)
    3 26 (34.2%) 18 (25.7%)  4 (20.0%)
    4 1 (1.3%) 1 (1.4%) 0
Metastatic stage
    M1 2 (2.4%) 0 0 0.167
Histopathology 0.936
    Conventional 68 (87.2%) 62 (89.9%) 19 (86.4%)
    Chromophobe 3 (3.8%) 5 (7.2%) 0
    Papillary  7 (9.0%) 2 (2.9%)   3 (13.6%)
Positive surgical margins 2 (2.4%) 0   3 (13.0%) 0.084
Recurrence 3 (3.7%) 3 (4.0%) 2 (8.7%) 0.396
Cancer-specific death (all) 3 (3.7%) 1 (1.3%) 0 0.217
Cancer-specific death (M0) 1 (1.2%) 1 (1.3%) 0 0.712
Follow-up (months) 40.3±31.0 47.8±33.6 29.7±16.6   0.013*
RCC, renal cell carcinoma; VAMS, video-assisted minilaparotomy surgery.
Data are presented as number (%) or mean±standard deviation.
*Statistically significant.
Fig. 2. Disease-free survival for 180 patients with renal cell carcinoma, 
stratified by VAMS, open, and laparoscopic techniques for partial nephrec-
tomy (log rank test: VAMS vs. open, p=0.954; VAMS vs. laparoscopic, 
p=0.257; and open vs. laparoscopic, p=0.310). VAMS, video-assisted mini-
laparotomy surgery.
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Partial nephrectomy is the standard treatment for the man-
agement of solitary kidney.11,12 We performed partial ne-
phrectomy in 18 patients with tumors in a solitary kidney, by 
video-assisted technique in 12 patients, and by open tech-
nique in 6 patients. Findings of similar outcomes in these 
patients demonstrated that the VAMS technique can also be 
applied to solitary renal cell carcinomas in a nephron-spar-
ing setting.
Many studies of partial nephrectomy report that positive 
margins occur in 1.0% to 7.4% of open procedures and 1.6% 
to 3.0% for laparoscopic procedures.13-17 Consistent with 
those reports, we found positive margins in 1.8% across the 
groups, without statistically significant difference among 
the groups. Many studies have demonstrated that open and 
laparoscopic access yield comparable oncologic outcomes. 
Moreover, disease-free survival and cancer-specific surviv-
al in our analysis, were similar among patients with renal 
cell carcinoma after VAMS, open, and laparoscopic partial 
nephrectomy.
Our VAMS partial nephrectomy technique has several 
merits that come from both open and laparoscopic surgical 
techniques. First, the VAMS approach uses the open tech-
nique of conventional surgery but has the advantage of be-
ing minimally invasive. Second, like the retroperitoneoscopic 
partial nephrectomy, which allows better access to posterior 
tumors, the VAMS approach is also extraperitoneal and 
prevents unnecessary bowel manipulation. Third, bleeding 
can be promptly controlled in case of a vascular accident. 
Fourth, conversion to open surgery is easy by simply extend-
ing the main incision, nevertheless, no conversion was nec-
essary in the present series. Fifth, a minimal scar and early 
time to normal diet in patients after the VAMS approach are 
comparable to the laparoscopic approach.
The followings are limitations of this study. First, the data 
used in our study were collected retrospectively and reflects 
a single institution’s experience. Second, data on the onco-
logic outcome must be interpreted with caution, because of 
rather short follow-up, especially shorter follow-up in the 
small number of patients in the laparoscopic group. Third, 
since VAMS, open, and laparoscopic partial nephrectomy 
were performed by different surgeons at our institution, the 
patients were not randomly assigned to the different tech-
niques, and consequently, the outcomes may be influenced 
by the surgeons’ experiences. However, we found that the 
surgical, oncological, and renal functional outcomes in pa-
tients after VAMS partial nephrectomy were similar to those 
reported previously. A larger sample size and longer follow-
trend of kidney surgery for renal masses is shifting towards 
minimally invasive surgery. With the evolution of laparo-
scopic renal surgery, the laparoscopic approach had also 
been used in nephron-sparing surgery. However, despite the 
advantages of improved cosmesis, decreased patient mor-
bidity, and faster postoperative recovery, laparoscopic par-
tial nephrectomy has been hindered by difficulties in renal 
hemostasis, renal hypothermia, and suture repair of renal 
parenchymal and collecting system in patients with an up-
per posterior renal tumor.7,8 Fortunately, recently developed 
robotic partial nephrectomy is expected to solve several 
problems present in laparoscopic partial nephrectomy.
VAMS partial nephrectomy is a hybrid form of laparo-
scopic and conventional open surgery, combining the ad-
vantages of both. The unique characteristic of this technique 
is that it uses a surgical traction system, which provides op-
timum surgical space even with a small incision. Moreover, 
meticulous handling is possible through both three-dimen-
sional direct vision via minilaparotomy and a simultaneously 
clearly magnified image on the monitor. This allows efficient 
and accurate dissection and suture techniques comparable to 
conventional and laparoscopic surgery. Dual decker system 
self-retaining retractors are used to maximize surgical space; 
therefore, the surgeon may perform surgery without assis-
tance. Surgical instruments include modifications of con-
ventional instruments used in open surgery and those used 
in laparoscopic surgery. VAMS for partial nephrectomy 
uses a retroperitoneal approach, which shortens the recov-
ery period compared to open partial nephrectomy, and min-
imizes the risk of bowel injury compared to laparoscopic 
partial nephrectomy. However, the complication rate was 
similar across the three techniques.
Gasless renal surgery through small incisions is not new, 
and various renal surgeries are being performed in this man-
ner for a variety of conditions, albeit with differences in 
equipment and technique.9,10 To our best knowledge, how-
ever, this study is the first direct comparison of video-assist-
ed gasless minilaparotomy, open, and laparoscopic tech-
niques in performing partial nephrectomy for renal masses 
in a large cohort of patients.
The present results showed that surgical, oncological, and 
renal functional outcomes are similar for VAMS, open, and 
laparoscopic partial nephrectomy. Furthemore, estimated 
blood loss, use of transfusion, complications, positive mar-
gins occurrence, disease-free survival, cancer-specific sur-
vival, and postoperative GFR were not significantly differ-
ent among the three groups.
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scopic living donor nephrectomy without gas insufflation: the five-
year Hamamatsu University experience. Transplant Proc 2002; 
34:720-1.
11. Fergany AF, Saad IR, Woo L, Novick AC. Open partial nephrec-
tomy for tumor in a solitary kidney: experience with 400 cases. J 
Urol 2006;175:1630-3.
12. Gill IS, Colombo JR Jr, Moinzadeh A, Finelli A, Ukimura O, 
Tucker K, et al. Laparoscopic partial nephrectomy in solitary kid-
ney. J Urol 2006;175:454-8.
13. Marszalek M, Meixl H, Polajnar M, Rauchenwald M, Jeschke K, 
Madersbacher S. Laparoscopic and open partial nephrectomy: a 
matched-pair comparison of 200 patients. Eur Urol 2009;55:1171-8.
14. Gill IS, Kavoussi LR, Lane BR, Blute ML, Babineau D, Colombo 
JR Jr, et al. Comparison of 1,800 laparoscopic and open partial 
nephrectomies for single renal tumors. J Urol 2007;178:41-6.
15. Kwon EO, Carver BS, Snyder ME, Russo P. Impact of positive 
surgical margins in patients undergoing partial nephrectomy for 
renal cortical tumours. BJU Int 2007;99:286-9.
16. Porpiglia F, Fiori C, Terrone C, Bollito E, Fontana D, Scarpa RM. 
Assessment of surgical margins in renal cell carcinoma after neph-
ron sparing: a comparative study: laparoscopy vs open surgery. J 
Urol 2005;173:1098-101.
17. Thompson RH, Leibovich BC, Lohse CM, Zincke H, Blute ML. 
Complications of contemporary open nephron sparing surgery: a 
single institution experience. J Urol 2005;174:855-8.
up are needed.
In conclusion, VAMS for partial nephrectomy is prac-
ticed in our institution as a minimally invasive technique 
that combines the advantages of laparoscopic and open par-
tial nephrectomy. VAMS partial nephrectomy results in sur-
gical, oncological, and functional outcomes similar to open 
and laparoscopic partial nephrectomy, which is the advan-
tage of minimally invasive surgery. In addition, VAMS al-
lows surgeons with no laparoscopic skills to approach lapa-
roscopic recovery results in non-obese patients.
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